Background: The current demographic trends indicate that breast cancer will pose an even greater public health concern in future for Pakistan. Details on the incidence, disease severity and mortality in respect of breast cancer are limited and without such data, therefore, future health policies or systems in respect of this disease cannot be strategically planned or implemented. The aim of this study was to examine past trends of age-specific breast cancer incidence rates (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015), and to estimate the future volume of breast cancer cases in Karachi through the year 2025. Methods: Two statistical methods, namely the functional time series models and the log-linear regression model were used; additionally, their real forecasting efficacy in epidemic time series was also evaluated. Results: In the past, women aged 60-64 years had the highest overall breast cancer incidence rates, while from 2016 to 2025, large increases in breast cancer rates among women aged 50 to 64 years are expected. The total projected breast cancer incidence will increase by approximately 23.1% in 2020 to 60.7% in 2025. Cases of breast cancer diagnosed in younger women, aged 30-34 years, will increase from 70.7 to 130.6% in 2020 and 2025 relative to 2015.
Background
Globally, 2.4 million newly diagnosed female breast cancer cases are predicted on the basis of demographic changes only, accounting for almost 1 in 4 cancer cases among women in 2018 [1, 2] . Although, the incidence of breast cancer in Asia is still lower than that in Western countries, in the modern epoch, the proportional contribution to the global burden of breast cancer is growing rapidly in Asia [2] . This has mainly contributed to recent initiatives such as the establishment of breast cancer registries. The risk of having breast cancer has increased in Pakistan, whereby one in every 9 women in Pakistan has a lifetime risk of being diagnosed with breast cancer [3] . The age-standardized incidence rate of breast cancer in Pakistan is one of the highest among Asian countries [4] . Unfortunately, the rate of deaths due to breast cancer is also higher in the country, due to late diagnosis and delayed referral to appropriate facilities [5] . Hence, early diagnosis and therefore early management of breast cancer can progress the survival rate. The situation is worst in Pakistani women where the number is more than that and no systemic and scientific approach has been employed to combat the situation. The accurate occurrence, number of new cancer cases, death rates, and casualty rate annually for Pakistan are not documented. No comprehensive registries/database existing regarding any disease as well as breast cancer in Pakistan and the only data on hand is hospital based [6] .
With the recent advent of modern screening techniques and extended age range for screening, a large disparity in age-adjusted incidence rates has emerged. It has been observed that in Western countries, the rate increases rapidly before menopause, and then increases gradually afterward [1] . The recent increase in breast cancer incidence in Western countries is most apparent in women aged 50 years and older [7] . On the other hand, accumulating data from the developing world suggest substantially higher proportion (47.3%) of all incident breast cancers among pre-menopausal aged compared to older women [8] . Majority of Asian populations display a peak in breast cancer incidence between 40 and 59 years of age; particularly, the peak age-specific incidence rate of breast cancer in India, Korea and Japan are 50-59, 40-49 and 45-54 years respectively [8] [9] [10] . Whereas the peak age in Sri Lanka is seen among women aged 60-64 years [11] .
The current demographic trends indicate that breast cancer will pose an even greater public health concern in future for Pakistan. Additionally, there is a paucity of information regarding breast cancer in Pakistan [12] . Predictions have been used to advocate the allocation of adequate resources for diagnosis and treatment of disease [13] [14] [15] ; however, there is little progress on the subject matter in recent times. These call for enhanced focus on research in the area of breast cancer, in order to generating accurate data.
The aim of the present study is to examine past trends of age-specific breast cancer incidence rates among Pakistani women aged > 15 years; and to estimate the future volume of breast cancer cases in Pakistan through the year 2025. Since we are primarily interested in having predictions that are accurate, thus, to achieve this objective, two statistical methods, namely the functional time series (FTS) models and the log-linear regression (LLR) model are applied. Further, their real forecasting efficacy in epidemic time series was also evaluated.
Methods

Study settings
Karachi is the largest metropolitan area in Pakistan with a population of approximately 16 million [16] . Breast cancer cases from neighboring districts/ provinces are referred to the major tertiary care facilities established in the city. Jinnah Post Graduate Medical Centre (JPMC), Karachi Institute of Radiotherapy and Nuclear Medicine (KIRAN) hospital and Civil Hospital, Karachi (CHK) are well established in the diagnosis and treatment of cancer patients. Majority of the population of Karachi and interior Sindh, needing cancer treatment, visit one of these centers for their respective cancer treatment. Thus, at present these institutes provide a comprehensive collection of all breast cancer cases in the Sindh region. The data used in this study were collected from these three centers. Although this is a hospital based data, and therefore have some constraints and biases, it is the major source, which can provide essential clinical, administrative and educational information on breast cancer incidence and allow for the estimation of national pattern in the absence of any population based cancer registry in the country [17] .
Study population
A total of 9771 registered diagnosed cases of female breast cancer during the period 2004 to 2015 were included; however, the cases with missing age and duplicate information were excluded in the study. The diagnosis of each patient was according to the international classification of diseases-oncology.
Estimated age-specific women population, KarachiPakistan: 2004 KarachiPakistan: -2025 Based on the 1998 census, data on the age-specific female mid-year population of Karachi, Pakistan was obtained from the Pakistan Bureau of Statistics-Sindh, for all six districts of Karachi [16] . Using 1998 census women data, future estimates of age-specific women population for the years 2004-2025 were estimated using Age-Specific Growth Rate (ASGR) [18] . To estimate the future population, following mathematical formula was used:
Here, P = population at a future time, B = population at base census, e = base of natural logarithm (2.71828), r = growth rate, and t = time period in years between future and base population [19] .
Past and future trends of age-specific incidence rates of breast cancer: Past trends of age-specific women breast cancer incidence rates from 2004 to 2015 were calculated as the number of new cases of breast cancer divided by the corresponding population at risk during a year, expressed as the rates per 100,000 persons per year [4, 20] .
For future trends (2016-2025), the age-specific breast cancer incidence rates were estimated using FTS models [4, 21] and LLR model [22, 23] . Past and future estimates were reported for each age group (15-19, 20-24, 25-29, 30-34, 35-39, 40- Figure S1 and S2).
Functional time series (FTS) models
FTS models were recently developed by Hyndman and Ullah 2007 for demographic projections [24] . These models were also applied to the breast cancer mortality rates by Erbas et al. and Yasmeen et al. [21, 25, 26] . To predict future estimates, these models treated incidence rates as a continuous function of age curves. For each curve, the log incidence rates were also obtained separately as follow:
Where y t (v) = log[r t (v)]. Thereafter, the nonparametric smoothing methods were used to obtain smoothed curves from the original log incidence data to reduce the observational error. The smooth curves are treated as functional observations with error.
Where μ(v) is the mean log incidence rate across years, φ k (v) is a set of orthogonal basis functions, is a univariate time series, and the model error e t (v) assumed to be serially uncorrelated i.e. e t (v)~N(0, v(v)). Details are mentioned elsewhere [4] .
Log-linear regression (LLR) model
Hakulinen and Dyba (1994) proposed a method for constructing prediction intervals with different models to calculate the number of cases and the age-specific incidence rates by assuming Poisson distribution for counts (number of cases) defined by age and sex [22] . This method can be applied to predict incidence cases based on a model with any functional form of linear predictor or link function [23, 27] .
Here E[y it ] is the expected age-specific incidence rate of breast cancer in age group i, and time period t. Where α i is the baseline age-specific incidence rate at time = 0, and β i is the observed expected annual change in the breast cancer incidence for the age-group i.
Forecast accuracy measures
Further, forecast accuracy as well as performance of both fitted models was evaluated based on the errors obtained using out-of-sample forecast approach, previously applied by Hyndman RJ, and Athanasopoulos [28] . This approach is widely used to evaluate forecasting performance and, in turn, guide the selection of an appropriate forecasting model. The accuracy of forecasts can only be determined by considering how well a model performs on new data that were not used when estimating the model [29] . For this purpose, we divided the observed data into two series. First series (training data) having the observed incidence rates from 2004 to 2011 which is used for estimating the parameters, and forecasting the next set of observations, from 2012 to 2015. Second series (test data) having the observed incidence rates from 2012 to 2015, which is used to test the forecasted observations, produced using the training data.
Let y t denote the observed actual age-specific incidence rates at time t (t = 1,2,..,n)and f t denote the h-step ahead forecasted age-specific incidence rates of y t . Then the forecast error can be calculated by taking difference between the actual rates in the test data and the h-step ahead forecasts produced using the training data. It is defined as e t = y t − f t . A model with small forecast errors (residuals) will give good forecasts. We have used the five forecast accuracy measures defined as:
Furthermore, annual changes in the age-specific incidence were calculated using estimated breast cancer cases from FTS model. The changes in incidence were computed as the difference between the predicted incidence for future years (2020 and 2025) and the observed cases for the year 2015.
Ethical considerations
Formal written approval from hospital administration was obtained regarding use of anonymized and de-identified medical records. Consent to participate was not applicable to this study which was a secondary analysis of de-identified retrospective medical records. Further, none of the researchers had access to identifying information. The study was approved by the Institutional Review Board of the Jinnah Postgraduate Medical Centre, Karachi, Pakistan. (Reference Number: F.2-81/2014-GENL/3434/JPMC). Table 1 shows the estimated population (persons per year) of female for 2004 to 2025 by each age group. The proportion of the female population in Karachi was estimated to be increasing in each age group with a slower increase in older ages (≥ 60 years) with the time. The estimates revealed a total female population of over 7 million in year 2017 which nearly equals the newly released provisional figures of census 2017 at national level [16] . Table 2 shows past and future trends of age-specific breast cancer incidence rates. For past trends (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , breast cancer rates were considerably lower and stable in ages 15 to 29 years, while the incidence rates for women aged 25 years and older have been increasing overall with slight variations. Women aged 60-64 years had the highest overall breast cancer incidence rates through the years 2004-2015.
Results
For the next 10 years and according to the predictions of the FTS model, predictions from FTS model, large increases in breast cancer rates among women aged 50 to 64 years are expected, while low increase in rates are expected among women of other ages. Specifically, the rate for women aged 55-59 years showed the highest overall breast cancer incidence, followed by women aged 50-54 and 60-64 years. Whereas LLR model predictions revealed that women older than age 75 years are at higher risk of breast cancer, followed by those women aged between 55 and 64 years. Dramatic decrease in rates was predicted among women aged 30-39 years, and rates should be considerably stable among ages 15-29 years. Future incidence trends with comparison to past trends were also depicted in Additional file 1.
Past and future burden of age-specific breast cancer cases for the years 2004 to 2025 showed in Table 3 . Future estimates of breast cancer cases were computed by multiplying estimates of breast cancer incidence rates and risk population for each age group. For past trends, during the study period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , there were large increases in annual age-specific breast cancer cases for middle ages, considerable increases were observed among women aged 40-54 years.
Similar trends were observed for predicted cases for Table 3 . Forecast accuracy as well as the comparison between the two models fitted to predict the incidence rates, are shown in Table 4 , indicating that FTS model is giving small absolute errors as compared to measures computed with the LLR model. This shows that FTS model performed better and gives good forecasts than the other fitted model. Further, forecasting performance across ages for both models was also assessed, and results showed similar forecast variations for ages 20 to 59, however, absolute differences in both models were observed in predicted values for older ages (60 and above).
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Discussion
This paper presents past and future estimates of breast cancer incidence rates and expands our understanding of age and time related differences in incidence rate of breast cancer among women of Karachi, Pakistan. The cancer statistics from Karachi potentially reflect national level picture, because it is the only city of Pakistan which is composed of considerable population from various ethnic groups. Therefore, in the absence of a national level cancer registration process, medical records from hospitals in Karachi can be considered as highly representative of Pakistani population [30] .
Prior studies from the region have highlighted increase in breast cancer burden among women in Pakistan [17, [30] [31] [32] , however none of these studies applied statistical modeling and moreover, these studies were based on cross-sectional data. In this study, we assessed two models and report for the first time comparison of these approaches to incidence prediction of breast cancer in Pakistani females for the period of 2016-2025, as well as with the focus on testing the reliability of the methods. We show increasing breast cancer trend during 2004 to 2015, and we expect the trend will continue to rise in the future, particularly during the period 2016-2025. However, the age-specific breast cancer incidence rates are found heterogeneous. Between 2004 and 2015, overall incident rates were highest among women aged 60-64 years while from 2016 to 2025 large increases in breast cancer rates among women aged 55 to 64 years and women older than age 75 years are expected. Nevertheless, the overall breast cancer incidence appeared to be rising more rapidly among post-menopausal women, while a stable increase in incidence in youngest age group of women aged 15-29 years was observed. The results also infer an increase in incidence rate of elderly breast cancer similar to the patterns observed among women in developed countries [1, 8, 33] .
In the present study, we expect the number of breast cancer cases to increase by 60.7% (approximately to 2103 to be diagnosed by 2025). Although, past trend of breast cancer cases among elderly women (aged 65 and above) were rare compared to women aged 60 to 64 years, but these would become common in 2021-2025. Age-specific breast cancer cases per 100,000 persons per year
The volume of pre-menopausal cases (aged 40 to 44 years) would increase from 7.9% in 2020 to 40.7% in 2025. Compared to pre-menopausal women, the projected increase in breast cancer cases among post-menopausal women (aged 55 to 59) is relatively higher (from 30.7 to 75.8% in 2020 and 2025). Even though, the incidence among younger age groups is very low, but these results may reflect less screening efforts targeting this age group. Therefore, the reported breast cancer burden may be underestimated. The lack of specialized care units and the weak data bases in Pakistan contribute to the reported lower incidences [34] . Many women would have to be screened to find the cases, thus we suggest greater awareness on early signs of breast cancer among younger women and education on breast self-examination to realize early detection among the younger age groups.
The predicted values from the applied models showed gradual and uniform increase in the incidence of breast cancer over the study period (i.e. during 2004-2025) in Pakistan (See Additional file 1: Figure S1 and S2).
Breast cancer incidence remain highest in the age group of 60 to 64 during 2004 to 2015 but the FTS estimates showed the shift in maximum rate of incidence in the age group of 55 to 59. While, according to LLR predictions same age group (i.e. 55 to 59 years) will experience highest incidence till 2025. Moreover, FTS model showed small absolute errors than other predicted model. This indicates that the forecasting performance of FTS model in predicting incidence rates was better compared to the LLR model. Earlier epidemiological studies from Asian and Western countries have presented notable difference in peak incidence, which was between 40 to 50 years in Asian women whereas the peak incidence was between 60 to 70 years in Western women [35] [36] [37] . We found not only increase in age-specific incidence rate in Pakistani women but also predicted the peak age of onset continuing in postmenopausal women which is somewhat similar to the incidence reported from other Western type data [9, 35] . The reduction in variation observed in peak onset age between western countries and our population is most likely attributable to rise in urbanized and westernized culture in our society [15, 36] . However, we need more researches to determine similarities and differences in breast cancer among women from Asian countries to compare with diverse global populations with different geographic, racial/ethnic, genetic, lifestyle and socioeconomic backgrounds.
The demographic component underlying the increasing future burden of breast cancer is likely to continue as Pakistan population is expected to increase, with the largest increases expected in population aged 15-64. Although, the population under 40 years, except the young adolescent age, is rising at a slower rate; high fertility will remain one of the key forces contributing to further population growth. In contrast, the population of 65-74 years is small but growing. As a result, rapid population aging and increase in working age women is now taking place [38] . Under such conditions, breast cancer incidence rate and the age structure of women with breast cancer will change with time.
With this, the rise in incidence of breast cancer also reflects noticeable changes in distribution of risk factors associated with shifts in life style and changing socioeconomic development [35, 36] . There is evidence that increase in adoption of cancer associated lifestyle choices including smoking, physical inactivity, and "westernized" diets are emerging risk factors for breast cancer incidence in the region [39] . Another study reported illiteracy, cultural and economic hindrance as reasons for late consultation of medical physician [40] . These factors have important implications for stage presentation at diagnosis and highlight an immediate attention for early detection strategies and cheap access to healthcare provision. In addition, accurate projections of agespecific breast cancer incidence may prove to be helpful, particularly for the planning and implementation of mammographic screening programs. In this regard, both models performed rather similarly, but the FTS model worked slightly better than LLR model. This could be probably because the FTS models take age as a continuous function, which allows capturing the subtle patterns of variation between years. Thus; reduced the observational error by use of smoothed data before beginning the estimation of basic functions [21, 26] . However, the second approach, LLR model, is used with the assumption that the observations either age or period specific incidence cases must be independent and follow Poisson distributions [22] . Since the actual projection period in the current study is short (10 years, 2016-2025), we used only the log-linear regression model, rather than models more appropriate for increasing rates that specify an identity link function [27] .
This study has a number of important strengths. First, we have presented an alternative modelling approach for estimation of breast cancer incidence, thereby enhancing the accuracy of the prediction intervals for future incidence rates. Further, these models will be most useful for modeling and projecting the future trends of other cancers as well, for which there has been very little advancement in treatment and opportunities for prevention, early detection, or both, are few. While we have made an attempt to provide a robust estimation of past and future age-specific breast cancer incidence, we are aware that there are some limitations to this study. First, our study lacks inclusion of birth cohort effect, breast cancer subtype information and other important risk factors such as screening and treatment options associated with hormone replacement therapy that may influence age-related changes in incidence. Currently FTS model do not incorporate such effects, but smoothing process used in FTS modelling may reduce the variation attributable to such effects [26] . It is likely that improving prediction models will require inclusion of additional known risk factors which may play a large role in the surveillance, treatment, and survival outcomes of this disease [21] . Future studies are suggested to incorporate these detail assessments to provide a more comprehensive understanding of breast cancer temporal patterns in Pakistan. Secondly, there is a possibility/limitation that there are more breast cancer cases in the city than described herein. Those could potentially include patients who do not have access to hospitals and/or that are diagnosed at other health facility. It could happen that these patients were the most economically disadvantaged. However, our data is based on the largest possible registries of the city, thus serving as the major source in breast cancer data in Karachi, and thereby allowing better estimates of national pattern in the absence of any population based cancer registry in the country [17, 41] . Therefore we recommend that the health system should emphasize on gathering nationwide formal cancer registry data to facilitate efficient planning of research to reduce breast cancer burden as well planning of future cancer services.
Conclusions
In conclusion, this analysis demonstrates increase in the number of incident cases of breast cancer in Pakistani women. The breast cancer incidence appeared to be rising more rapidly among post-menopausal women, while a stable increase in incidence among youngest age group of women are expected. The age-specific patterns of breast cancer incidence in Pakistan are in line with other countries in Asia, however the shift in maximum rate of breast cancer incidence in the age group of 55 to 59 was observed. 
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